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(54) Silver vanadium oxide 

(57) The invention provides a method for forming 
CSVO without the need for flowing 0 2 during its synthe- 
sis. A method of forming silver vanadium oxide in 
accordance with the present invention includes combin- 
ing AgO with a vanadium-containing compound to form 
a mixture; and exposing the mixture to a sufficient tem- 
perature for a time effective to form silver vanadium 
oxide. 

The silver vanadium oxide produced in accordance 
with the invention may be used in the cathodes of elec- 
trochemical cells, particularly in implantable medical 
devices. 
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Description 

The present invention relates to electrochemical 
cells, e.g. for use in implantable medical devices. In par- 
ticular, the invention relates to a method of preparing a 
silver vanadium oxide cathode material for use in elec- 
trochemical cells. 

A plurality of electrochemical cells may be con- 
nected together to form a battery. Silver-containing 
materials are widely used as a cathode material in elec- 
trochemical cells. Silver-containing cathodes may typi- 
cally comprise silver carbonate, silver thiocyanate, 
divalent silver oxide, silver bismuth oxide, copper silver 
vanadium oxide, and silver vanadium oxide. However, 
when used as the cathode material in individual electro- 
chemical cells of a battery, some of these compounds 
do not exhibit ideal electrical properties. Ideal electrical 
properties include, for example, a low internal discharge 
rate (i.e. low increase in internal resistance over lifetime 
of the cell). A high internal discharge rate undesirably 
decreases the delivery capacity (i.e. the integral of cur* 
rent x the discharge time) of a cell. Different cathode 
materials contribute to different problems. For example, 
silver chromate undesirably contributes to a large volt- 
age drop during high loads. Divalent silver oxide is solu- 
ble and undesirably decomposes over time. These are 
just a few of the problems associated with some of the 
above-mentioned cathode materials. 

Silver vanadium oxide (SVO) is utilized as a cath- 
ode material in lithium (Li) anode electrochemical cells 
(and in batteries incorporating such electrochemical 
cells) due to its relatively high volumetric energy density 
(i.e. the product of capacity x average voltage divided by 
volume of material). This property is particularly desira- 
ble for small batteries. The size of the battery is impor- 
tant in implantable medical devices, e.g. implantable 
cardiac defibrillators (such as that illustrated in Figure 1 
attached hereto) so that the device itself occupies a 
small volume within a patient's body and is light in 
weight. 

SVO may be prepared using a variety of known 
methods. These generally fall into two categories, 
depending on the type of chemical reaction used to pro- 
duce the SVO. SVO can be synthesized using a decom- 
position reaction, resulting in decomposition-produced 
SVO (DSVO). Decomposition reactions are known to 
utilize decomposable metal compounds, which include 
nitrates, nitrites, carbonates, and ammonium salts of 
the reacting metal components. A conventional DSVO 
reaction may comprise the reaction of silver nitrate and 
vanadium pentoxide according to the following equa- 
tion: 

2 AgN0 3 + 2 V 2 O s -> Ag^Oi , + 2NO x . 

However, many conventional DSVO reactions, 
including the above-mentioned reaction, are undesira- 
ble due to the by-products that they produce, such as 



NO x , which can be toxic at certain levels. 

Alternatively, SVO can be prepared by a combina- 
tion reaction, resulting in combination-produced SVO 
(CSVO). CSVO is characterized by a more crystalline 

s structure, which, when compared to DSVO, contributes 
to its superior electrical performance in electrochemical 
cells. Many different silver-containing compounds have 
been used as reactants in such combination reactions, 
including AgV0 3 , Ag 2 0, and Ag(0). As described in US- 

10 A-5,22 1,453 (Crespi). a conventional CSVO may be 
produced by the reaction of silver oxide and vanadium 
pentoxide at a temperature of about 500°C according to 
the following equation: 

75 Ag 2 0 + 2 V 2 O s ->Ag 2 V 4 0 1 1 . 

US-A-5,221,453 also discloses the use of flowing 
oxygen (0 2 ) gas and Ag(0) according to the following 
combination reaction: 

20 

2 Ag + 2 V 2 0 5 + 0.5 O z -> Ag 2 V 4 O n ^ . 

Rowing 0 2 is used to produce CSVO having a 
superior electrical performance compared to CSVO pro- 

25 duced in the presence of flowing or stagnant (i.e. having 
no active gas flow) air. The need for flowing 0 2 . how- 
ever, requires the use of a sealed retort, a tank of pure 
oxygen, and a flowmeter, all of which add expense to 
the synthesis process. 

30 Other documents concerned with methods for the 
preparation of silver vanadium oxide (SVO) and electro- 
chemical cells containing SVO cathodes, as well as 
electrochemical cells in general, include US-A- 
4.016,338 (Lauck), US-A-4. 158,722 (Lauck et al.). US- 

35 A-4,310.609 (Liang et al.), US-A-4,391,729 (Uang et 
al.), US-A-4.542,083 (Cava et al.), US-A-4, 675,260 
(Sakurai et al.), 4,751,157 (Uchiyama et al.). US-A- 
4,751,158 (Uchiyama et al.), US-A-4,803. 1 37 (Miyazaki 
et al.), US-A-4,830,940 (Keister et al.), US-A-4,964,877 

40 (Keister et al.), US-A-4.965,151 (Takeda et al.), US-A- 
5.194,342 (Bito et al.). US-A-5.221 .453 (Crespi). US-A- 
5.298.349 (Takeuchi), US-A-5,389,472 (Takeuchi et al.), 
US-A-5,439,760 (Howard et al). US-A-5,545,497 
(Takeuchi et al.), US-A-5,458,997 (Crespi et al.). US-A- 

45 5,472,810 (Takeuchi et al.), US-A-5.498,494 (Takeuchi 
et al.). US-A-5,498,495 (Takeda et al.), US-A-5,512,214 
(Koksbang), US-A-5,51 6,340 (Takeuchi et al.). US-A- 
5.558,680 (Takeuchi et al.), US-A-5 ,567,538 (Ortman et 
al.), Leising et al.. Chem. of Materials 5: 738-42 (1993), 

so and Zandbergen et al., Journal of Solid State Chemistry 
110 : 167-175(1994). 

There is a continuing need for alternative methods 
for preparing a SVO material. In particular, there exists 
a need to reduce the expense associated with conven- 

55 tional methods for the synthesis of SVO. whilst at the 
same time providing a material which exhibits superior 
electrical performance when used as a cathode in an 
electrochemical cell. More particularly, there exists a 
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need for an improved method for forming CSVO mate- 
rial for use in the cathodes of electrochemical cells, par- 
ticularly for use in implantable medical devices. 

The applicants have devised an alternative method 
for the synthesis of a silver vanadium oxide, in particular s 
a method which may be carried out in the absence of 
flowing 0 2 - 

Viewed from one aspect the invention provides a 
process for the preparation of a silver vanadium oxide, 
said method comprising the steps of: 10 

(a) combining AgO with a vanadium-containing 
compound whereby to form a mixture; and 

(b) heating said mixture whereby to form a silver 
vanadium oxide. is 

In a preferred embodiment step (a) comprises com- 
bining AgO with a vanadium-containing compound and 
a compound selected from Ag(0), Ag 2 0. and mixtures 
thereof whereby to form a mixture. 20 

Viewed from a further aspect the invention provides 
a silver vanadium oxide composition for use in an elec- 
trochemical cell, said composition comprising silver 
vanadium oxide prepared by a process comprising: 

25 

(a) combining AgO with a vanadium-containing 
compound, optionally together with Ag(0) and/or 
Ag 2 0, whereby to form a mixture; and 

(b) heating said mixture whereby to form a silver 
vanadium oxide. 30 

The method of the present invention comprises 
combining AgO with a vanadium-containing compound 
to form a mixture; and exposing the mixture to a suffi- 
cient temperature for a time effective to form silver vana- ss 
dium oxide. By not requiring flowing 0 2 , the present 
invention does not require the use of a sealed retort, a 
tank of pure oxygen, and a flowmeter, all of which add 
expense to the synthesis process. Thus, the present 
invention can reduce the expense associated with the 40 
synthesis of CSVO, while providing a material that 
exhibits superior electrical performance when used as a 
cathode in an electrochemical cell. 

In another aspect the invention provides the use as 
a cathode material for an electrochemical cell of a silver 45 
vanadium oxide composition as herein described. 

In a yet further aspect the invention provides a cath- 
ode member for an electrochemical cell, characterised 
in that said member comprises a silver vanadium oxide 
composition as herein described. so 

Preferred embodiments of the invention will now be 
described with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic representation of an 55 
implantable battery in accordance with the present 
invention, e.g. for use in an implantable cardiac 
defibrillator. 



Figure 2A is an XRD scan (Cu Ka radiation) of con- 
ventional CSVO synthesized using Ag 2 0 in flowing 

o 2 . 

Figure 2B is an XRD scan (Cu Ka radiation) of 
CSVO synthesized using AgO in stagnant air 
according to the present invention. 
Figure 2C is an XRD scan (Cu Ka radiation) of 
CSVO synthesized using AgO in flowing 0 2 accord- 
ing to the present invention. 
Figure 3 is a schematic representation of an elec- 
trochemical button cell in accordance with the 
present invention. 

Figure 4A is a partially cut-away side view of a cath- 
ode assembly incorporating CSVO synthesized 
according to the present invention. 
Figure 4B is a partially cut-away side view of an 
anode assembly used with the cathode assembly of 
Figure 4A. 

Figure 4C is a perspective view of a single cell bat- 
tery incorporating CSVO synthesized according to 
the present invention. 

Figure 5 is a graphical representation of back- 
ground voltage versus capacity density for dis- 
charge curves of electrochemical cells utilizing 
cathode material made according to the present 
invention and tested at 37°C and a 28 ka load. 

The present invention provides a method for syn- 
thesizing silver vanadium oxide (SVO) useful as a cath- 
ode material in an electrochemical cell. The method of 
the present invention synthesizes SVO from AgO and a 
vanadium-containing compound. Preferably, the SVO 
produced in accordance with the present invention has 
the formula, Ag x V 4 O y wherein x is about 1.6 to about 
2.2 and y is about 10.5 to about 1 1 .5. More preferably, x 
is about 2 and y is about 1 1. Yet more preferably, the 
SVO produced in accordance with the invention has the 
formula Ag^O^. The resulting SVO is preferably sub- 
stantially fully oxygenated. Whilst not wishing to be 
bound by theory, this is believed to contribute to its 
superior electrical performance when used as the cath- 
ode material in an electrochemical cell. 

According to the present invention, AgO is used 
instead of Ag 2 0 conventionally used in SVO synthesis. 
Conveniently, the use of AgO allows for the use of a 
stagnant atmosphere instead of flowing oxygen gas 
when preparing the SVO. This is advantageous 
because it simplif ies the equipment needed for carrying 
out the synthesis, and also reduces the cost of the syn- 
thesis of SVO. The method of the present invention can 
actually be carried out in a simple box furnace with no 
atmosphere control. As described herein, the method of 
the invention may nevertheless be carried out in the 
presence of a flowing gas. e.g. 0 2 . 

The reaction between AgO and a vanadium-con- 
taining compound may produce oxygen as a by-prod- 
uct, which can contribute to producing fully oxygenated 
SVO. Thus, the 0 2 by-product can help form and main- 
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tain a high oxidation state of the SVO, which in turn 
improves the performance of batteries containing SVO 
cathodes. The 0 2 by-product is utilized in the reaction to 
raise the partial pressure of 0 2 in the synthesis reaction 
chamber, allowing for the use of environments that are 
initially low in 0 2 content. 

Significantly, the AgO can be combined with the 
vanadium-containing compound in a variety of atmos- 
pheres. For example, the reaction can take place in the 
presence of a gas. such as oxygen (O2). nitrogen (Ng), 
argon (Ar), atmospheric air, or mixtures thereof. The 
gas can be stagnant or flowing. Preferably, the gas is 
stagnant, to avoid the need for expensive gas flow 
equipment. More preferably, the gas is atmospheric air, 
to avoid the need for expensive 0 2 flowing equipment. 
Although it is understood that stagnant air is preferred, 
thereby allowing for the use of simplified equipment, the 
method of the present invention is also advantageous 
because it can produce high quality SVO in a variety of 
atmospheres. 

The vanadium-containing compound can be. for 
example, NH4VO3. V0 2 . V 2 O s . V 2 0 5 , V 2 0 4 , V3O7. 
V4O9, V s O n3 , or mixtures thereof. Preferably, the vana- 
dium-containing compound is V 2 0 5 or V 6 0 13 . More 
preferably, the vanadium-containing compound is V 2 Q 5 . 
When V 2 0 5 is used as the vanadium-containing com- 
pound, the following equation is representative of the 
reaction: 

2 AgO + 2 V 2 O s Ag 2 V 4 0! ^ + 0.5 0 2 . 

The use of AgO in the method of the present inven- 
tion allows for the use of compounds in which the vana- 
dium is in a lower oxidation state, as compared to 
vanadium in V 2 0 5 . The use of lower oxidation state 
vanadium may result in slightly different crystallographic 
and electrical properties of the resulting SVO. Thus. 
V0 2l V 2 0 3 . V 2 0 4 . V 3 07, V 4 0 9 . V 6 0 13 , or mixtures 
thereof, can also be used, in which the vanadium exists 
in a lower oxidation state than in V 2 0 5 . The following 
equations are representative of methods in which SVO 
having the formula. Ag 2 V 4 0«i -j , is formed from lower oxi- 
dation state vanadium in the presence of 0 2 gas: 

2 AgO + 4 V0 2 +1/2 0 2 ^ Ag 2 V 4 O n ; 

2 AgO + 273 V 6 0 13 + 1/6 0 2 -> Ag 2 V 4 0 1 n ; 

2 AgO + V 4 0 9 -* Ag2V 4 O in ; 

and 

AgO + 4/3 V 3 07 -» Ag^Ot , + 1/6 0 2 . 

However, variations to the above equations can also 
yield mixed valence SVO in accordance with the 
present invention. 

According to another aspect of the present inven- 



tion, a mixture of AgO and Ag 2 0 can be used to pro- 
duce SVO. This allows SVO-producing reactions to be 
tailored to produce desired by-products and allows the 
use of desired reactants. If oxygen flowing equipment is 
5 available, for example, the reaction can be tailored to 
utilize 0 2 as a reactant. However, it is preferable to be 
able to synthesise SVO in the presence of stagnant air. 
Some examples of preferred equations in accordance 
with this aspect of the invention include: 

10 

2 AgO + Ag 2 0 + 4V 2 O s -+ Ag 2 V 4 0-, , + 0 2 ; 

and 

75 2 AgO + 3 Ag 2 0 + 8 V 2 O s Ag 2 V 4 0 1 A + V6 0 2 . 

According to yet another aspect of the present 
invention, a mixture of AgO and Ag(0) can be used to 
produce SVO. Again, this allows SVO-producing reac- 
20 tions to be tailored to produce desired by-products and 
allows the use of desired reactants. Furthermore, a mix- 
ture of AgO, Ag(0), and Ag 2 0 can also be used to pro- 
duce SVO. 

The AgO, and optionally Ag 2 0 and/or Ag(0), and 
25 the vanadium-containing compound(s) are intimately 
mixed and then exposed to a sufficient temperature for 
a time effective to produce silver vanadium oxide. Pref- 
erably, the reactants are ground together to reduce their 
particle size and produce a substantially homogeneous 
30 mixture. Depending on the desired SVO product, the 
mixture includes a sufficient molar ratio of silver to vana- 
dium atoms. This molar ratio can vary depending on the 
vanadium-containing compound and the presence of 
Ag 2 0 and/or Ag(0) in addition to the AgO. For example. 
35 if V 2 05 is used with AgO, these two reactants are used 
in approximately equimolar amounts. If, however, V 4 O g 
is used with AgO, these two reactants are used in a 
respective equimolar ratio of 1 :2 according to the follow- 
ing equation: 

40 

2 AgO + V 4 Og ->Ag 2 V 4 Oi A . 

The temperature to which the mixture produced in 
step (a) is exposed is preferably about 400°C to about 

45 600°C. When SVO having the formula Ag 2 V 4 0., ^ is pro- 
duced, the temperature is preferably at least about 
440°C, and more preferably at least about 480°C. It is 
also preferably no greater than about 550°C, and more 
preferably no greater than about 530°C. Preferably, the 

so mixture is held at the desired temperature for at least 
about 1 hour, and more preferably for at least about 4 
hours. Typically, it can be held at thie desired tempera- 
ture for about 24 hours or longer, although it is prefera- 
bly held at the desired temperature for no greater than 

55 about 8 hours. The time can be extended beyond 24 
hours without degrading the resultant SVO. particularly 
if the reaction is carried out in an 0 2 atmosphere, 
although there is typically no advantage to doing so. 
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After the SVO is synthesized in accordance with 
reactions of the present invention, the SVO can be 
ground to provide a smaller particle size. Any conven- 
tional method for breaking materials into loose particles 
can be used to grind the materials. For example, mate- 5 
rial can be broken into loose particles using a mortar 
and pestle. There is no need for purification of the mate- 
rial after it is formed. 

XRD measurements are one way of characterizing 
the resulting SVO material. Using Bragg's law. 10 
nk = 2d hk ,sino , the size and shape of a unit cell can be 
determined from the XRD data. In Bragg's law, the 
wavelength of an incident beam is represented as X and 
n is a constant, corresponding to an integral number of 
A.S. The angle of incidence of an incident beam on a is 
substrate is represented as 0. The distance between 
crystal lographic planes is represented as d hW . The dis- 
tance between crystal lographic planes, hW, corre- 
sponds to the lattice parameter of a material (i.e. the 
spacing between adjacent atoms within a crystallo- 20 
graphic plane defined by the parameters, hkl). Depend- 
ing on the crystallographic structure of a material, not 
every incident beam will be reflected, as neighbouring 
diffracted rays can cancel each other out. The angle of 
incidence can be varied to determine the distance 25 
between crystallographic planes, d hW . Furthermore, by 
analyzing the intensity of diffracted beams, the distribu- 
tion of two or more atoms at each lattice point can be 
determined. 

For comparison, a conventional CSVO XRD scan 30 
(Cu Ka radiation) is illustrated in Figure 2A. CSVO of 
Figure 2 A was synthesized in flowing 0 2 at a tempera- 
ture of 520°C for 6 hours, according to the following 
equation: 

35 

Ag 2 0 + 2V 2 0 5 -» Ag 2 V 4 0 1v 

One CSVO XRD peak 80 is indexed on a C-centered 
monoclinic cell at about 23.6° (20), which corresponds 
to a {002} crystallographic plane. Another peak 82 is 40 
indexed on a C-centered monoclinic cell at about 24.0° 
(2e), which corresponds to a {201} crystallographic 
plane. Because XRD analysis is indicative of the crystal 
structure of a material, it is desirable to have two resolv- 
able peaks 80 and 82 at about 23° (20) to about 25° (20) 45 
in an SVO XRD scan because this indicates the high 
degree of crystallinity that is characteristic of conven- 
tional CSVO. 

Figure 2B is an XRD scan (Cu Ka radiation) of 
CSVO synthesized at a temperature of 520°C for 6 so 
hours according to the following equation: 

2 AgO + 2 V 2 0 5 -> Ag^O^ + 0.5 Cfe. 

Stagnant air was used in the processing chamber, with- ss 
out any flowing gases. Figure 2C is an XRD scan (Cu 
Ka radiation) of CSVO synthesized at a temperature of 
520°C for 6 hours according to the following equation: 



2 AgO + 2 V 2 0 5 AggV^n + 0.5 0 2 . 

Flowing 0 2 was used in the processing chamber. Both 
XRD scans (Figures 2B and 2C) for CSVO synthesized 
in accordance with the present invention are substan- 
tially similar to the XRD scan (Figure 2A) for conven- 
tional CSVO. Thus, the new method of synthesis 
described herein provides CSVO similar to CSVO syn- 
thesized using Ag 2 0. 

SVO prepared in accordance with the method of 
the present invention is advantageously used as the 
cathode material in an electrochemical cell. In a further 
aspect the invention thus provides a process as herein- 
before described further comprising the steps of: 

forming a cathode comprising the silver vanadium 
oxide; 

providing an anode; 

providing an electrolyte; and assembling the cath- 
ode, the anode, and the electrolyte into an electro- 
chemical cell. 

Conveniently, the silver vanadium oxide material is 
combined with a binder and a conductivity enhancer to 
form a cathode material. A cathode is then formed from 
the cathode material and, together with the anode and a 
separator this is then placed in a can. An electrolyte 
may then be introduced into the can. Alternatively, the 
cathode material combination step may comprise the 
step of adding an electrolyte to the cathode material. 
The step of sealing the can to form the cell can be 
effected once the cathode, the anode and the separator 
have been disposed therewithin. 

Figure 3 illustrates a representative electrochemi- 
cal button cell. An electrochemical cell 100 comprises a 
cathode 102 and an anode 104 encased in an anode 
can 106, which is typically formed of metal, such as tita- 
nium or stainless steel. A conventional cap 108, for 
example one made of a nickel/steel/copper alloy, con- 
ventional seals 110, for example one made of plastic, 
and a conventional membrane 112 made of a semi-per- 
meable material, are also typically utilized in the cell 
100. An electrolyte 114 separates the anode 104 and 
the cathode 102. The electrolyte 114 may comprise an 
organic or inorganic material, and may be in either the 
solid or liquid state. 

An electrochemical cell 100 operates by developing 
a differential electrical potential between the cathod 
1 02 and the anode 1 04. The anode 1 04 oxidizes to form 
metal ions during discharge of the cell 100. U is pre- 
ferred as the anode 104 material due to its strong elec- 
tropositivity. However, other metals can be used for the 
anode 104 material, including calcium, magnesium, alu- 
minum, and zinc. The cathode 102 converts the metal 
ions to atomic or molecular forms, thereby conducting 
an electrical current through the ceil 100. 

Typically, to form the cathode 102 from the SVO, the 
SVO is pressed into a desired configuration, such as a 
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pressed, cylindrical-shaped pellet, using conventional 
techniques. For example, the SVO can be dry-pressed 
or pressed with a small addition of, for example, a liquid 
electrolyte, a binder (e.g. polytetrafluoroethylene. 
methyl cellulose, ethyene propylene diene terpolymer 
(EPDM), polyethylene, polypropylene, polyolefins, fluor- 
inated ethylene propylene (FEP), polyvinylidene fluo- 
ride, or mixtures thereof), a conductor (e.g. graphite 
powder, carbon black, acetylene black powder, or mix- 
tures thereof), and a surfactant. A wide variety of other 
additives may also be added to the SVO prior to press- 
ing it into the desired configuration. 

A plurality of electrochemical cells can be con- 
nected to form an electrode assembly in a battery. The 
SVO cathode material made according to the method of 
the present invention can be incorporated into a wide 
variety of batteries, such as, for example, those 
described in US-A-5,458,997 (Crespi et al.), US-A- 
4,830,940 (Keister et al.). US-A-4,964,877 (Keister et 
al.), and US-A-5,439.760 (Howard et al.). 

A specific example of an electrochemical cell in a 
single-cell battery is shown in Figure 4C, the cathode 
and anode of which are shown in Figures 4A and 4B, 
respectively. In this embodiment, a coiled electrode 
assembly comprised of elongated anode and cathode 
sub-assemblies pressed onto a metal current collector 
and enveloped with a separator of microporous material 
are overlaid with respect to each other and coiled up. 
Further details of this cell are provided in US-A- 
5,439,760 (Howard et al.). 

Briefly, with respect to Figure 4A, which shows an 
elongated cathode assembly 120, the anode assembly 
120 includes a current collector 121 (e.g. titanium, stain- 
less steel, or another conductive metal which is corro- 
sion-resistant when associated with the cathode 
material), onto which two layers of a cathode material 
containing SVO are pressed. Only one layer of this cath- 
ode material (123) is shown in Figure 4A. The other 
layer is on the opposite side of the current collector 121 . 
The SVO is typically combined with a binder, such as 
polytetrafluoroethylene, along with carbon black and 
graphite as conductivity enhancers, dried to a desired 
moisture content, placed in a uniform layer over the cur- 
r rrt collector 121, and then dried to form each of the 
cathode material layers (e.g. 123). Connector tabs 138 
project from the edge of the current collector 121 . 

Briefly, with respect to Figure 4B, which shows an 
elongated anode assembly 130. anode assembly 130 
includes a screen current collector 131 (e.g. nickel, cop- 
per, or another conductive metal which is corrosion- 
resistant when associated with the alkali metal), which 
has a first layer of alkali metal 132 on one side and a 
second layer of alkali metal on the opposite side (not 
shown). The alkali metal is preferably lithium metal or an 
alloy of lithium pressed onto the screen current collector 
131. In this embodiment, the anode assembly 130 has 
at one end 133 only alkali metal 132. The bare portion 
of the current collector 131 will extend from the outer 



wrap of the wound electrode assembly as no active 
material is required for that surface. Connector tabs 1 42 
project from the edge of the current collector 131. 

To further complete the assembly of one embodi- 

5 ment of a battery in accordance with the present inven- 
tion, each of the anode and cathode structures in the 
electrode assembly 140 is typically encased in a sepa- 
rator material, such as polypropylene or polyethylene, 
as is further discussed in US-A-5,439,760 (Howard et 

w al.). A coil insulator 144 is then placed over the elec- 
trode assembly 140. The coil insulator 144 includes a 
notch 146 and a slit 148 to accommodate anode lead 
portions 1 42. The coil insulator 1 44 further includes slits 
150 and 152 to accommodate cathode lead portions 

is 138. The electrode assembly 1 40 is inserted in an insu- 
lative case liner 154, which is then inserted in a case 
156. The insulative case liner 154 preferably extends at 
its top edge above the edge of the electrode assembly 
131 in order to provide an overlap with other insulative 

20 elements. It may also include a notch 158 on one side in 
order to allow easy connection of the anode lead por- 
tions 142 to the case 156. The coil insulator 144 and 
case liner 154 are preferably made from a polyolefin 
polymer or a f luoropolymer. such as ethylene tetrafluor- 

25 oethylene copolymer (ETFE). The case 156 is prefera- 
bly made of stainless steel or titanium. 

It is to be understood that many other battery con- 
figurations can be formed with the improved cathode 
material in accordance with the present invention. 

30 Electrochemical cells according to the present 
invention can be used in batteries such as those utilized 
in implantable cardiac defibrillators 160, as illustrated in 
Figure 1 . 

Figure 1 illustrates a defibrillator and lead set 
35 according to the present invention. The ventricular lead 
comprises an elongated insulative lead body 16, carry- 
ing three concentric coiled conductors, separated from 
one another by tubular insulative sheaths. Located adja- 
cent the distal end of the lead are a ring electrode 24, an 
40 extendible helix electrode 26 mounted retractably within 
an insulative electrode head 28, and an elongated coil 
electrode 20. Each of the electrodes is coupled to one of 
the coiled conductors within lead body 16. Electrodes 
24 and 26 are employed for cardiac pacing and for sens- 
es ing ventricular depolarizations. At the proximal end of 
the lead is a bifurcated connector 14 which carries three 
electrical connectors, each coupled to one of the coiled 
conductors. The defibrillation electrode 20 may be fabri- 
cated from platinum, platinum alloy or other materials 
so known to be suitable for use in implantable defibrillation 
electrodes and may be about 5 cm in length. 

The atrial/SVC lead comprises an elongated insula- 
tive lead body 15. carrying three concentric coiled con- 
ductors, separated from one another by tubular 
55 insulative sheaths, corresponding to the structure of the 
ventricular lead. Located adjacent the J-shaped distal 
end of the lead are a ring electrode 21 and an extendi- 
ble helix electrode 17. mounted retractably within an 
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insulative electrode head 19. Each of the electrodes is 
coupled to one of the coiled conductors within the lead 
body 15. Electrodes 17 and 21 are employed for atrial 
pacing and for sensing atrial depolarizations. An elon- 
gated coil electrode 23 is provided, proximal to elec- 
trode 21 and coupled to the third conductor within the 
lead body 15. Electrode 23 preferably is about 10 cm in 
length or greater and is configured to extend from the 
SVC toward the tricuspid valve. Conveniently, approxi- 
mately 5 cm of the right atrium/SVC electrode may be 
located in the right atrium, with the remaining 5 cm 
located in the SVC. At the proximal end of the lead is a 
bifurcated connector 13 which carries three electrical 
connectors, each coupled to one of the coiled conduc- 
tors. 

The coronary sinus lead comprises an elongated 
insulative lead body 6, carrying one coiled conductor, 
coupled to an elongated coiled defibrillation electrode 8. 
Electrode 8, illustrated in broken outline, is located 
within the coronary sinus and great vein of the heart. At 
the proximal end of the lead is a connector plug 4 which 
carries an electrical connector, coupled to the coiled 
conductor. The coronary sinus/great vein electrode 8 
may be about 5 cm in length. 

An implantable pacemaker/cardioverter/defibrillator 
10 is shown in combination with the leads, with the lead 
connector assemblies 4. 13 and 14 inserted into the 
connector block 12. Optionally, insulation of the outward 
facing portion of the housing 1 1 of the pacemaker/cardi- 
overter/defibrillator 10 may be provided using a plastic 
coating which may comprise, for example, parylene or 
silicone rubber, as is currently employed in some unipo- 
lar cardiac pacemakers. However, the outward facing 
portion may instead be left uninsulated, or some other 
division between insulated and uninsulated portions 
may be employed. The uninsulated portion of the hous- 
ing 11 optionally serves as a subcutaneous defibrillation 
electrode, used to def ibrillate either the atria or ventri- 
cles. Other lead configurations and electrode locations 
may of course be substituted for the lead set illustrated. 
For example, atrial defibrillation and sensing electrodes 
might be added to either the coronary sinus lead or the 
right ventricular lead instead of being located on a sep- 
arate atrial lead, thereby allowing for a two-lead system. 

The present invention provides a method for form- 
ing CSVO having superior electrical performance with- 
out the need for flowing 0 2 during its synthesis. The 
SVO material in accordance with the invention is suita- 
ble for use in the cathodes of electrochemical cells, par- 
ticularly for use in implantable medical devices, e.g. 
cardiac defibrillators. 

Alternatively, the silver vanadium oxide material 
prepared in accordance with the invention may find fur- 
ther application as a ceramic material. 

Specific methods and apparatus embodying the 
invention are described by way of the following non-lim- 
iting examples. 



Example 1 

Preparation of CSVO 

5 An equimolar mixture of AgO (4.5 g) and V 2 0 5 (6.6 

g) was ground using a mortar and pestle to produce a 
homogenous mixture. The mixture was placed in an alu- 
mina crucible, which was then placed in a Lindberg fur- 
nace under air at atmospheric pressure. The reaction 

w was then carried out at 520°C and a heating rate of 
5°C/minute for 6 hours. 

Example 2 

75 Preparation of CSVO 

A mixture of AgO (3.0 g) and V 6 0 13 (4.15 g) was 
ground using a mortar and pestle to produce a homog- 
enous mixture. The mixture was placed in an alumina 
20 crucible, which was then placed in a Lindberg furnace 
under 0 2 flow at a flow rate of 100 mLVminute. The reac- 
tion was then carried out at 520°C and a heating rate of 
5°C/minute for 6 hours. 

25 Example 3 

Preparation of CSVO 

A mixture of AgO (1 .0 g), Ag 2 0 (0.935 g), and V 2 0 5 
30 (2.939 g) was ground using a mortar and pestle to pro- 
duce a homogenous mixture. The mixture was placed in 
an alumina crucible, which was then placed in a Lind- 
berg furnace under air at atmospheric pressure. The 
reaction was then carried out at 500°C and a heating 
35 rate of 5°C/minute for 6 hours. 

Example 4 

Formation of Q$VQ Cathode 

AO 

SVO prepared in accordance with the invention was 
mixed with a polymeric binder (polytetraf luoroethylene), 
graphite powder, and carbon back. The mixture con- 
tained 91% SVO. 5% polymeric binder (polytetrafluor- 

45 oethylene), 2% carbon black, and 2% graphite powder. 
The method of Howard et al. (see US-A-5,439,760) was 
then used to prepare the SVO cathode of the present 
invention. A disc-shaped pellet having an area on one 
major surface thereof of about 2.8 cm 2 was cut from th 

so resulting sheet of cathode material to form a cathode for 
use in an electrochemical cell. 

Example $ 

55 Formation of an Electrochemical Cell 

A pressed pellet was formed for use as the cathode 
in an electrochemical cell. The SVO used in the cathode 
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was prepared according to Example 1. The cathode 
contained a titanium current collector and consisted of 
91% active cathode material, 5% polymer binder (poly- 
tetrafluoroethylene), 2% carbon black, and 2% graphite 
powder. The cathode was assembled with a lithium 
anode and an electrolyte consisting of 1.0 M LiAsF 6 in 
50% by volume propylene carbonate and 50% by vol- 
ume dimethoxyethane. 

Example 6 

Testing of E lectrochemical Cells 

A discharge test was conducted for an electro- 
chemical cell made in accordance with Example 5. The 
results are shown by curve 1 70 in Figure 5. A second 
electrochemical cell was made in accordance with 
Example 5, but in which SVO was synthesized in the 
presence of flowing 0 2 instead of atmospheric air. The 
discharge test for this second electrochemical cell is 
shown by curve 1 72 in Figure 5. A third electrochemical 
cell was made in accordance with Example 5, but a dif- 
ferent SVO cathode material was utilized. The SVO 
cathode material used for this third electrochemical cell 
was synthesized at 520°C for 6 hours in flowing 0 2 
according to the conventional reaction: 

Ag 2 0 + 2V 2 0 5 -> Ag2V 4 On. 

The discharge test for this third electrochemical cell is 
shown by curve 174 in Figure 5. 

The cathode in each of the three cells contained a 
titanium current collector and consisted of 91% active 
cathode material, 5% polymer binder (polytetrafluor- 
oethylene), 2% carbon black, and 2% graphite powder. 
The electrolyte was 1.0M UAsF 6 in 50% by volume pro- 
pylene carbonate an 50% by volume dimethoxyethane. 

The electrochemical cells were discharged at an 
operating temperature of 37°C with a resistive load of 
28 kohms. 

Comparative results are illustrated in Figure 5. Fig- 
ure 5 illustrates the background voltage versus deliv- 
ered capacity for the three electrochemical cells. The 
similarity of the three discharge curves 170, 172, and 
1 74 indicates that all three electrochemical cells have 
similar capacity densities. Thus, SVO prepared in 
accordance with the present invention can be effectively 
utilized in electrochemical cells, producing equivalent 
electrical discharge characteristics as CSVO prepared 
according to conventional methods. 

Example 7 

X-Rav Diffraction Analysis 

A Philips XPert diffractometer (Philips Electronics, 
Mahwa, New Jersey) was used for the measurements. 
The data collection time used was 8 seconds per step 



and a step size of 0.02° (29). Philips PC-APD 4.0b soft- 
ware was used to analyze the XRD data collected. For 
the XRD scans presented herein, an incident beam was 
deflected off a copper target having a wavelength of 

5 1.5406 angstroms to produce Cu Ka. radiation. The 
angle of incidence was varied to determine the distance 
between crystallographic planes, d^,. 

For comparison, an XRD scan (Cu Ka radiation) for 
a conventional CSVO is illustrated in Figure 2 A. CSVO 

10 of Figure 2A was synthesized in flowing 0 2 at a temper- 
ature of 520°C for 6 hours, according to the following 
equation: 

AgsO + 2 V 2 0 5 -* Ag 2 V 4 0 1 1 . 

15 

One CSVO XRD peak 80 was indexed on a C-cen- 
tered monoclinic cell at about 23.6° (26). which corre- 
sponds to a {002} crystallographic plane. Another peak 
82 was indexed on a C-centered monoclinic cell at 

20 about 24.0° (20), which corresponds to a {201} crystal- 
lographic plane. Because XRD analysis is indicative of 
the crystal structure of a material, it is desirable to have 
two resolvable peaks 80, 82 at about 23° (28) to about 
25° (20) in an SVO XRD scan because this indicates the 

25 high degree of crystallinity that is characteristic of con- 
ventional CSVO. 

Figure 2B is an XRD scan (Cu Ka radiation) of 
CSVO synthesized at a temperature of 520°C for 6 
hours according to the following equation: 

30 

2 AgO + 2 V 2 0 5 -> Ag 2 V 4 0 11 + 0.5 0 2 . 

Stagnant air was used in the processing chamber, with- 
out any flowing gases. Figure 2C is an XRD scan (Cu 
35 Ka radiation) of CSVO synthesized at a temperature of 
520°C for 6 hours according to the following equation: 

2 AgO + 2 V 2 0 5 -» Ag 2 V 4 0 11 + 0.5 0 2 . 

40 Flowing 0 2 was used in the processing chamber. Both 
XRD scans (Figures 2B and 2C) for CSVO synthesized 
in accordance with the present invention are substan- 
tially similar to the XRD scan (Figure 2A) for conven- 
tional CSVO. Thus, XRD analysis further indicates that 

45 the new method of synthesis described herein provides 
CSVO similar to that synthesized using Ag 2 0. 

Claims 

so 1 . A process for the preparation of a silver vanadium 
oxide, said method comprising the steps of: 

(a) combining AgO with a vanadium-containing 
compound whereby to form a mixture: and 
55 (b) heating said mixture whereby to form a sil- 

ver vanadium oxide. 

2. A process as claimed in claim 1, wherein step (a) 
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comprises combining AgO with a vanadium-con- 
taining compound and a compound selected from 
Ag(0). Ag 2 0, and mixtures thereof whereby to form 
a mixture. 

3. A process as claimed in claim 1 or claim 2, wherein 
step (b) is carried out at a temperature of at least 
about 440°C. 

4. A process as claimed in any one of claims 1 to 3, 
wherein step (b) is carried out at a temperature of 
no greater than about 550°C. 

5. A process as claimed in claim 1 or claim 2, wherein 
step (b) is carried out at a temperature of from is 
about 480°C to about 530°C. 

6. A process as claimed in any one of claims 1 to 5, 
wherein step (b) comprises heating said mixture for 

at least about 1 hour. 20 

7. A process as claimed in any one of claims 1 to 5, 
wherein step (b) comprises heating said mixture for 
at least about 4 hours. 

8. A process as claimed in claim 1 or claim 2, wherein 
step (b) comprises heating said mixture to a tem- 
perature of from about 440°C to about 550°C for 
about 4 to 8 hours. 

9. A process as claimed in any preceding claim, 
wherein the vanadium-containing compound is 
selected from NH4VO3, V0 2 , V 2 0 3 , V 2 0 5 , V 2 0 4 . 
V3O7, V4O9, V 6 0 13 , and mixtures thereof. 

10. A process as claimed in claim 1 comprising the 
steps of: 

(a) combining AgO with V 2 O s in approximately 
equimolar amounts whereby to form a mixture; 
and 

(b) heating the mixture to a temperature of from 
about 440°C to about 550°C for at least about 
1 hour to form silver vanadium oxide. 

11. A process as claimed in any preceding claim, 
wherein step (b) is effected in the presence of a gas 
selected from oxygen, nitrogen, argon, atmospheric 
air, and mixtures thereof. 

1 2. A process as claimed in claim 1 1 , wherein said gas 
comprises stagnant atmospheric air. 

13. A silver vanadium oxide composition for use in an 
electrochemical cell, said composition comprising 55 
silver vanadium oxide prepared by a process com- 
prising: 
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(a) combining AgO with a vanadium-containing 
compound, optionally together with Ag(0) 
and/or Ag 2 0, whereby to form a mixture; and 

(b) heating said mixture whereby to form a sil- 
ver vanadium oxide. 

14. A composition as claimed in claim 13, wherein said 
silver vanadium oxide has the formula Ag x V 4 Oy, 
wherein x is about 1 .6 to about 2.2 and y is about 
10.5 to about 11.5. 

15. A composition as claimed in claim 14, wherein y is 
about 11. 

16. A composition as claimed in claim 14 or claim 15, 
wherein x is about 2. 

17. A silver vanadium oxide composition prepared by a 
process as claimed in any one of claims 1 to 12. 

18. Use as a cathode material for an electrochemical 
cell of a silver vanadium oxide composition as 
claimed in any one of claims 13 to 17. 

19. A cathode member for an electrochemical cell, 
characterised in that said member comprises a sil- 
ver vanadium oxide composition as claimed in any 
one of claims 13 to 17. 

20. A cathode member as claimed in claim 19, further 
comprising a binder material and optionally a con- 
ductivity enhancer and/or an electrolyte. 
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21. A cathode member as claimed in claim 20, wherein 
said binder material is selected from polytetraf luor- 
oethylene, methyl cellulose, ethylene propylene 
diene terpotymer (EPDM), polyethylene, polypro- 
pylene, polyolefins, fluorinated ethylene propylene 
(FEP), polyvinylidene fluoride, and combinations or 
mixtures thereof. 



22. A cathode member as claimed in claim 20 or claim 
21 , wherein said conductivity enhancer is selected 
from graphite powder, carbon black, acetylene 

45 black powder, and combinations or mixtures 
thereof. 

23. A cathode member as claimed in any one of claims 
20 to 22, wherein said electrolyte is selected from a 

so liquid electrolyte, a solid electrolyte, an organic 
electrolyte and an inorganic electrolyte. 

24. A cathode member as claimed in any one of claims 
20 to 23 further comprising a surfactant. 

25. A cathode member as claimed in any one of claims 
20 to 24 formed into a cylindrically-shaped pellet for 
use in a button cell. 
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26. A cathode member as claimed in any one of claims 
20 to 24 formed into a strip-shaped configuration for 
use in a spi rally-wound cell. 

27. An electrochemical cell comprising: 5 

a cathode, wherein said cathode comprises a 
cathode member as claimed in any one of 
claims 20 to 26; 

an anode; and 10 
an electrolyte. 

2a An implantable medical device powered by an elec- 
trochemical cell as claimed in claim 27. 

is 
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